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EFFECTS OF THICKNESS ON SUPERSONIC PERFORMANCE OF A 


WING-BODY CONFIGURATION EMPLOYING A 

WARPED HIGHLY SWEPT ARROW WING 

By F. Edvard McLean and Dennis E. Fuller 
Langley Research Center 


SUMMARY 


An investigation has been conducted to determine some effects of airfoil- 
section shape and thickness on the performance of a wing-bo dy configuration 
which employed a warped highly swept arrow wing. The wing planform had 76 ° 
leading-edge sweep, and aspect ratio of 1 . 71 * and the wing tips were clipped 
perpendicular to the stream direction. The warped mean surface of the wing was 
designed for a Mach number of 2.6 and the lift coefficient (O.O 63 ) was purposely 
limited to a value well below the theoretical optimum lift coefficient of 0.148. 
Airfoil- section shapes and thickness distributions applied to the basic mean 
surface were streamwise 2 ^ -percent- thick circular-arc, 4-percent -thick circular- 
arc, and 2“ - percent- thick NACA 65 -series sections, respectively. For the 
2^- -percent- thick circular-arc and NACA 65 -series thickness distributions flat 

reference models were tested for comparison. The body of the configuration was 
scaled to satisfy volume and space requirements of a supersonic transport. 

Wind-tunnel tests of the various models of the wing-body configuration were 
conducted at Mach numbers of 2.4, 2.6, and 2.86 and at a Reynolds number (based 
on the wing mean aerodynamic chord) of 3.5 X 1C)6. At a Mach number of 2.6 for 
the particular combinations of wing parameters considered, the results indicated 
that increased wing thickness had a degrading effect on the drag- due- to- lift 
performance of the basic warped lifting surface. For the same thickness ratio, 
the sharp leading-edge circular-arc thickness distribution provided better aero- 
dynamic performance than the rounded leading-edge NACA 65 -series section at Mach 
numbers of 2.6 and 2.86. At a Mach number of 2.4, which is below the design 
Mach number of 2.6, use of the 65 -series thickness distribution on the warped 
wing surface resulted in a slightly better performance. For the airfoil shapes 
and thickness distributions of the tests, the warped lifting surface was respon- 
sible for longitudinal trim advantages and aerodynamic performance gains over 
reference flat lifting surfaces. These gains, however, were below theoretical 
estimates. 



INTRODUCTION 


A number of theoretical papers (refs. 1 to 3/ for example) have indicated 
the supersonic performance advantages which should accrue from the use of the 
optimum twist and camber or wing-warp concepts of linearized theory and have 
pointed out the classes of wing planform for which these concepts are theoret- 
ically applicable (ref. 4). However, since the several attempts to verify the 
theoretical potential of the optimum wing concepts have met with little success 
(refs. 4 and 5)> alternate approaches to the supersonic wing design problem have 
been suggested (ref. 6 ). The current interest in the development of an effi- 
cient supersonic transport has led to further consideration of the most prom- 
ising of these approaches. 

The supersonic wing design procedure considered herein was suggested by the 
results of references 6 and 7* This research indicated that, under real flow 
conditions, a desired wing lift can be produced more efficiently by a design- 
lift-limited warped surface at an angle of attack than by either a flat lifting 
surface or by a linearized theory optimum surface designed to produce the entire 
lift. Thus, it could be inferred that past failures with the optimum concepts 
of theory were caused partially by the severity of the lift requirement imposed 
in the wing design. With a limitation on the overall magnitude of the design 
lift coefficient, and a subsequent limitation on the severity of the wing sur- 
face distortion, desirable performance advantages over a corresponding flat wing 
were realized (refs. 6 and 7)- The primary purpose of the present investigation 
was to determine some of the effects of airfoil-section shape and thickness on 
the performance of a wing-body configuration which utilizes a warped wing with a 
relatively low design lift coefficient as compared with the optimum. The sec- 
ondary purpose was to explore the design- lift-limited warped surface concept at 
more extreme Mach number and planform conditions than those considered by the 
research of references 6 and 7* 

Five wing-body models were constructed for the present investigation. Each 
of the models had the same clipped arrow wing planform with 76 ° leading-edge 
sweep and an aspect ratio of 1.71- The body of each model had the same longi- 
tudinal area distribution and was scaled to satisfy the volume and space 
requirements of a supersonic transport. The warped mean wing surface of the 
three models was designed for a Mach number of 2.6 and the design lift coeffi- 
cient ( 0 . 063 ) was purposely limited to a value well below the theoretical opti- 
mum lift coefficient of 0.148. Streamwise 2^- - percent- thick circular-arc, 
4-percent-thick circular-arc, and 2^- - percent-thick NACA 65 -series thickness 

distributions, respectively, were added symmetrically to the common warped sur- 
face to determine thickness effects. The other two models were reference models 
which employed a flat lifting surface with 2^- - percent-thick circular-arc, and 

2~ - percent-thick NACA 65-series sections, respectively. 

The five models of the wing-body configuration were tested in the Langley 
Unitary Plan wind tunnel at Mach numbers of 2.4, 2.6, and 2.86 at a Reynolds 
number (based on the wing mean aerodynamic chord) of 3*5 X 10^. Lift, drag. 
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and longitudinal stability characteristics are presented along with some compar- 
isons with theory. 


SYMBOLS 


The results are referred to the stability- axis system with the moment ref- 
erence center located at a station corresponding to the quarter-chord point of 
the mean aerodynamic chord as shown in figure 1. The coefficients and symbols 
are defined as follows: 


b 

wing 

c 

wing 

CD 

drag 

C D,0 

drag 

C D,0 

drag 

CL 

lift 


r = 


_ y 


drag coefficient. 


Drag 

qS 


drag coefficient at zero lift 


lift coefficient. 


Lift 

qS 


Cm 
H 
R i 

r 2 } 

Rj 

z b 

l/d 

M 

m = cot A 

q. 


pitching-moment coefficient, Pi^ching^moment 


coordinates of body cross sections (See table II.) 


lift- drag ratio 

free- stream Mach number 

free- stream dynamic pressure, lb/sq ft 


mx' 


wing planform area, 1.62 sq ft 
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x, y, z distance along the X-, Y-, and Z-axis, respectively 

x 1 streamwise distance measured from wing apex, inches (table I) 

z c wing mean camber surface ordinate, inches (table I) 

a angle of attack, degree 

A leading-edge sweep angle ( 76 °) 

APPARATUS AND METHODS 


Wind Tunnel 

The tests were conducted in the low Mach number test section of the Langley 
Unitary Plan wind tunnel, which is a variable pressure, continuous return flow 
tunnel. The test section is 4 feet square and approximately 7 feet long. The 
tunnel is equipped with a central support system which permits remote control of 
the angle of attack of a sting-mounted model. 


Models and Instrumentation 


Five wing-body models of a selected wing-body configuration were considered 
in the present investigation. Two classes of lifting surface were considered, 
flat and warped. Similarly, two types of airfoil section were considered - the 
sharp leading-edge circular- arc section and the rounded- leading-edge (leading- 
edge radius = 0.000425 chord) NACA 65 -series section. The following table gives 
the model designations and some wing variables: 


Model 

Lifting-surface 
design condition 

Streamwise 

thickness distribution 

1 

Flat, design Cx, = 0 

2— -percent circular-arc 

2 

Warped, design Cl = O.O 63 

- percent circular-arc 

5 

Warped, design Cl = O.O 63 

4-percent circular-arc 

4 

Flat, design Cl = 0 

2^ - percent NACA 65 -series 

5 

Warped, design Cl = 0.063 

2 ^ -percent NACA 65 -series 


Model 

designation 

Flat CA-025 

Warped CA-025 
Warped CA-040 
Flat 65-025 

Warped 65 -025 


The wing planform, which is the same for all models, was selected on the 
basis of the linearized theory that, at supersonic speeds, lift may be produced 
most efficiently by an arrow wing which has subsonic leading edges and highly 
swept trailing edges (ref. 4). The wing had 76 ° leading-edge sweep, an aspect 
ratio of 1 . 71 ^ and the wing tips were clipped perpendicular to the stream direc- 
tion. A representative layout of the flat reference models 1 and 4 is shown in 
figure l(a), and a representative layout of the warped-lifting-surface models 
2 , 3 , and 5 is shown in figure l(b). 
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The lift- limited warped lifting surface which was utilized by models 2, 
and 5 was designed for a Mach number of 2.6 and a lift coefficient of O.O 63 

according to the concepts and methods discussed in the section on design consid- 

erations. The original calculated mean lifting surface was sheared, as indi- 
cated in figure 2, to provide a more acceptable surface for the possible instal- 
lation of a variable-sweep mechanism. Within the linear -theory concepts used, 
this vertical shearing should not affect the anticipated results. The final 
mean camber surface ordinates are presented in table I. 

The bodies, which had the same longitudinal cross- sectional-area develop- 
ment for each model, were scaled to represent the volume and space requirements 
of a supersonic transport. The body ordinates in inches are presented in 
table II. The body and wing of each model was oriented so that the body volume 
was equally distributed above and below the mean camber surface of the wing. 

The models, which were cast of no. 225 gun metal bronze, were sting mounted 

from the tunnel central support system, and the forces and moments were obtained 

on a six-component strain-gage balance mounted within the model. 


Tests 

The wind-tunnel tests were conducted at the following conditions: 


Mach number 

2.40 

2.60 

2.86 

Reynolds number (based on c) • . 

3.5 x 10 6 

3-5 x 106 

3.5 X 106 

Stagnation pressure, lb/sq ft . . 

2405 

2680 

3075 

Stagnation pressure, °F 

150 

150 

150 

Dewpoint, °F 

-30 

-30 

-30 


The basic aerodynamic characteristics of the five models were obtained with 
a l/l 6 - inch-wide strip of no. 60 grit carborundum located 15 /l 6 inch from the 
body nose and with l/l6- inch- wide transition strips of no. 120 grit carborundum 
located l/l6 inch and perpendicular to the wing leading edges. 


Corrections and Accuracy 

The maximum deviation of local Mach number in the part of the tunnel occu- 
pied by the models is ±0.015 from the average value given. The average angular- 
ity of the flow in the region of the models was determined by comparing inverted 
and upright tests, the angle of attack being corrected accordingly. The angles 
of attack have been corrected for balance and sting deflection and are accurate 
to within ±0.1°. The data has been adjusted to the condition of free-stream 
static pressure at the model chamber. 

Based upon balance accuracy and repeatability of data, it is estimated that 
the measured quantities are accurate within the following limits : 


5 




Design Considerations 


±0.003 

±0.0005 

±0.0005 


CL 


U D 

Cm 


The general concept of the optimum supersonic ving design methods of lin- 
earized theory is that these methods allow the attainment of lift distributions 
over a given subsonic-edge ving planform which are favorable but do not have to 
fulfill the flat-plate requirement of infinite negative pressures near the 
leading edge. However, in reference 6, the finite-pressure methods call for 
extreme leading-edge pressures and extreme surface distortions in the optimum 
design lift coefficient range of most supersonic configurations. Thus, the mag- 
nitude of the design lift requirement necessary to maintain finite leading-edge 
pressures at near optimum conditions is generally sufficient to violate linear- 
ized theory as to the lifting-surface geometry and local flow conditions. 

References 6 and 7 indicated that, under real flow conditions, a limitation 
of the design lift coefficient and the subsequent acceptance of infinite leading- 
edge pressure resulted in a better approximation to linearized theory than the 
optimum finite-pressure methods. 

Since the limited-design-lift-coefficient concept appeared to merit further 
consideration, the drag- interference terms between the flat-plate loading and 
the truncated orthogonal loadings developed in references 3 an d 8 were calcu- 
lated for a number of highly swept clipped arrow-wing planforms. On the basis 
of these calculations, the wing planform described in the section "Models and 
Instrumentation" was selected for the present investigation. For the planform 
and design Mach number (2.6) selected, the expression for the drag coefficient 
of the wing-body configuration is 

C D = C^ 0 + o. 3^6 (cl, design) 2 - 0 .685C L (c L , design) + 0.6694C L 2 (l) 

With a Cp q of 0.0072 estimated for the wing -body configuration, equa- 
tion (l) can be used to show that, for the test conditions selected, optimum 
considerations would require a highly warped- surface design lift coefficient of 
0.148 with a theoretical maximum l/d potential of 10.2. However, with the 
chosen lift-limited design lift coefficient of O.063, the wing surface would be 
much less severely warped but a relatively high theoretical maximum L/D poten- 
tial of 9*2 would remain. The flat reference models 1 and k would have a theo- 
retical maximum L/D potential of J.2. It should be pointed out that design 
lift coefficient strongly influences the self- trimming characteristics of a 
warped surface and from this standpoint the chosen design lift coefficient is 
lower than required. However, the main purpose of the present investigation was 
to consider thickness effects which would have little influence on trim charac- 
teristics at the design Mach number. 


6 


■ II I ■ III I llll 


mil 




mi 


RESULTS AND DISCUSSION 


Basic Aerodynamic Characteristics 

Wind-tunnel tests of the five basic wing-body configurations discussed in 
preceding sections have been conducted in the Langley Unitary Plan wind tunnel. 
The measured aerodynamic characteristics in pitch of the three wing-body models 
which employed circular-arc thickness distributions are presented in figure 3 . 
For ease in making comparisons, the data for the three Mach numbers are included 
in the same figure. 

The results shown in figure 3> as would be expected, indicate a relatively 
small effect of thickness on the lift characteristics (fig. 3(a)) and pitching- 
moment coefficients (fig. 3(b)) of the wing-body configuration. The primary 
effect of wing warp (model 2 and model 3 ) was to reduce the angle of attack 
required for a given lift compared with that of the flat-wing model (model l) . 

A more important characteristic of wing warping was the indicated reduction in 
the pitching moment required to trim the configuration. This effect is one of 
the most important reasons for the consideration of wing warp in the design of 
supersonic airplanes. 

It is shown in figures 3(c) and 3(h) that the wing body with limited warped 
surface and 2^ - percent- thick circular-arc sections (model 2) had a better aero- 
dynamic performance than the corresponding flat-wing model (model l). Largely 
because of higher values of q, the performance of model 3 with 4-percent- 

thick circular-arc section does not compare favorably with that of the thinner 
model (model 2). However, the thicker warped model (model 3 ) shows better per- 
formance than the flat reference model (model l) except at the highest Mach num- 
ber, 2.86. 

The aerodynamic characteristics presented in figure 4 for the wing-body 
configuration with 2^ - percent-thick NACA 65-series airfoil sections indicate 

the same effects of warped surface on the lift and pitching- moment characteris- 
tics as those discussed in connection with the circular-arc sections. Simi- 
larly, use of the warped lifting surface in conjunction with the NACA 65 -series 
sections (model 5 ) leads to increased aerodynamic performance over that obtained 
with the corresponding flat lifting surface (model 4). 

A comparison of the aerodynamic efficiency (L/D) of the wing-body config- 
uration with the warped lifting surface and the 2 ^* -percent-thick circular-arc 
and the 2 ~ - percent- thick NACA 65 -series airfoil sections, respectively, is 

indicated in figure 5- This figure shows that the sharp- leading- edge circular- 
arc airfoil section provided a better performance than did the rounded- leading- 
edge 65 -series section at the design Mach number of 2.6 and above the design 
Mach number at 2.86. Since model 2 had a higher zero- lift drag coefficient than 
model 5 (compare figs. 3 (c) and 4(c)), this performance advantage can be attri- 
buted to the better lifting efficiency of the warped surface when the sharp 
leading-edge circular-arc sections are employed. Below the design Mach number 
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at M = 2.4, the performance of model 5 was slightly better principally because 
of an improvement in the relative lifting efficiency of the rounded leading- edge 
model (model 5) compared with the sharp leading-edge model (model 2). 


Comparison of Experimental Results With Theory 

Comparisons of the lift-drag ratios obtained experimentally at the design 
Mach number of 2.6 with those predicted by theory are presented in figure 6 for 
the three wing-body models which utilized the sharp leading-edge circular-arc 
airfoil sections. Similar comparisons for the two models which had the rounded- 
leading-edge NACA 65-series thickness distributions are shown in figure J. In 
figures 6 and 7 for the wing-body and limited warped surface considered, the 
predicted increase in lifting efficiency is represented by the increment in 
lift-drag ratio between the theoretical curves for the flat plate without 
leading-edge suction and the theoretical curves for the warped surface. 

It can be seen from figure 6 that the experimental results for the flat 
reference model (model 1) agree closely with the theoretical estimates for the 
flat plate without leading suction. The warped models with circular-arc sec- 
tions (model 2 and model 5) are shown to provide some of the lifting- surface 
potential predicted by theory. Although the indicated potential is well below 
theoretical estimates, this gain, in combination with the trim advantages of the 
warped surface, is worthy of consideration in supersonic design. Since the 
thicker model (model 5) did not recover as much of the theoretical potential as 
did model 2, for the particular wing-body configurations investigated it would 
appear that increased thickness has a degrading effect on the lifting efficiency 
of a warped surface. 

The comparisons of figure 7 for the wing-body models with NACA 65- series 
airfoil sections indicate trends similar to those discussed in connection with 
models 1 to 5- The flat reference model (model 4) agreed closely with the theo- 
retical estimates for the flat plate without leading-edge suction, and the 
warped model (model 5) provided some of the lifting-surface potential predicted 
by theory. For similar thickness ratios, however, the warped surface with NACA 
65- series airfoil sections did not provide as much aerodynamic potential at a 
Mach n umb er of 2.6 as the warped surface with circular-arc sections. However, 
these results are for a particular combination of warped surface and rounded 
leading- edge airfoil section, and no general conclusions should be drawn. 


CONCLUSIONS 


An investigation has been made at a Mach number M of 2.4, 2.6, and 2.86 
to determine some of the effects of section shape and thickness on the aerody- 
namic characteristics of a wing-body configuration employing a moderately warped 
highly swept arrow wing. For the particular choice of wing-design parameters 
used in the investigation, the results indicated the following conclusions: 
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1. At the design Mach number of 2.6 increased thickness had a degrading 
effect on the lifting efficiency of the warped surface. 

2. A sharp leading-edge circular-arc airfoil section provided better 
lifting surface efficiency at the design Mach number than did a rounded- 
leading-edge (leading-edge radius = 0.000425 chord) NACA 65 -series thickness 
distribution. 

3. The circular-arc section provided better performance above the design 
Mach number at M = 2.86, whereas the NACA 65 -series section provided slightly 
better performance below the design Mach number at M = 2.4. 

4. For the section shapes and thickness distributions considered, the 
warped lifting surface was responsible for trim advantages and perfomnance 
advantages over the corresponding flat reference configurations. The perform- 
ance gains, however, were below theoretical estimates. 


Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., May 19* 19^5 • 
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TABLE I.- CAMBER-SURFACE ORDINATES FOR MODELS 2, 5, AND 5 
(Dimensions are in inch.e0 



Station x, x 1 



Camber-surface ordinate z c 

at - 


r = -L- 
mx* 

x = 10 

x = 12 

x = i4 

X = 16 

X = 18 

x = 20 

x = 22 


X* = 0 

x' = 2 

x' = 4 

x 1 =6 

x 1 =8 

x' = 10 

x' = 12 

0 

1.0120 

0. 9220 

0.7840 

0.6480 

0.5200 

0.4200 

0.3380 

.0800 


.9268 

• 7992 

.6720 

.5512 

.4556 

.3820 

.1600 


.9308 

.8128 

.6948 

.5812 

.4908 

.4188 

.2400 


.9340 

.8240 

.7160 

.6132 

.5240 

.4516 

.3200 


.9368 

.8340 

.7368 

.6288 

.5560 

.4800 

.4000 


.9388 

.8440 

• 7540 

. 6656 

.5812 

.5088 

.4800 


.9392 

.8540 

.7676 

.6848 

.6016 

.5292 

.6000 


.9380 

.8608 

.7832 

.7036 

.6264 

.5504 

• 7000 


.9360 

.8608 

.7808 

.7068 

.6264 

.5508 

.8000 


.9316 

.8536 

.7676 

.6868 

.6o64 

• 5320 

.8800 


• 9244 

.8360 

.7480 

. 6600 

.5760 

.4960 

.9200 


.9188 

.8228 

.7300 

.6412 

.5540 

.4744 

.9400 


.9156 

.8164 

.7200 

.6272 

• 5384 

.4576 

.9600 


.9116 

.8088 

.7092 

.6l4o 

.5240 

.4368 

.9800 


.9076 

.8004 

.6976 

.5960 

.5052 

.4168 

1. 0000 


.9016 

.7884 

.6784 

.5744 

.4736 

• 3840 
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TABLE I.- CAMBER-SURFACE ORDINATES FOR MO DELS 2 , 3 , AND 5 - Concluded 


r = 


Camber- surface ordinate z c at - 


x = 24 

x = 26 

x = 28 

x = 30 

x = 32 

x = 34 

x = 36 


x' = 14 

x* =l6 

x’ = 18 

x* = 20 

x' = 22 

x* = 24 

X* =26 

0 

0. 2680 

0.2180 

0.2020 

0.1980 




.0800 

.1515 

.3060 

.2508 

.2188 

.2060 

0.1600 









.1600 

.2400 

.3384 

.5712 

.2808 

.3080 

.2356 

.2552 

.2192 

.2216 

.1720 

.2016 



0.1212 


.2778 












.3200 

• 5988 

.3520 

.2732 

.2308 

.2120 

.1240 

0.0876 

.3846 







.4000 

.4248 

.3568 

.2884 

.2384 

.2120 

.1280 

.0852 

.4800 

.4472 

.3780 

. 3040 

.2500 

.2120 

.1368 

.0864 

.6000 

.4748 

. 4040 

• 3312 

.2600 

.2120 

.1436 

.0928 

.7000 

.4812 

.4096 

.3412 

.2760 

.2120 

.1540 

.1200 

.8000 

.4616 

• 3912 

.3280 

.2740 

.2120 

• i860 

.1880 

.8800 

.4232 

• 3556 

.2864 

.2360 

. 2120 

. 2240 

. 2400 

.9200 

. 39^8 

.3240 

.2560 

.2120 

.2120 

.2280 

. 2440 

.9400 

.3980 

.3048 

.2376 

.2000 

.2080 

.2240 

.2400 

.9600 

.5592 

. 2812 

.2160 

.i860 

.2000 

.2160 

.2280 

.9800 

• 5552 

.2540 

.1920 

.1680 

.1740 

.2000 

.2040 

1.0000 

.2960 

. 2120 

.1496 

.1360 

.i4oo 

.1600 

.1720 


r = 

mx’ 


Camber- surface ordinate z c at - 


x = 38 

x = 40 

x = 42 

x = 44 

x = 46 

x = 48 

x = 50 

x’ = 28 

x’ = 30 

X 

II 

x 1 = 34 

x* =36 

x’ = 38 

x’ = 40 

0. 4762 

0.0560 







.4800 

.0552 







.5200 

,0432 







.5555 

0.0264 






.6000 

.0400 

.0168 





------ 

.6250 



0.0080 





.6500 

.0520 

.0348 

.0300 





.6863 




0.0704 




.7000 

.7407 

.0880 

.0832 

.0840 

.0920 

0. 1560 



• 7500 

.1520 

.1528 

.1580 

.1640 

.1680 



.7895 



• 



0.2240 


.8000 

.2040 

.2144 

.2200 

.2280 

.2360 

.2400 

0.2760 

.8333 







.8400 

. 2320 

.2452 

.2520 

.2600 

. 2680 

. 2760 

.2840 

.9200 

.2560 

.2720 

.2840 

.2960 

. 3040 

. 3160 

.3240 

.9400 

.2520 

.2680 

.2800 

.2920 

.3040 

. 3120 

.3240 

.9600 

.2440 

.2560 

.2680 

.2800 

.2920 

.3000 

.3080 

.9800 

.2240 

.2360 

.2480 

.2600 

.2720 

.2760 

.2880 

1.0000 

.1800 

. 1920 

.2000 

.2080 

.2160 

.2240 

.2320 
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TABLE II.- BODY CROSS SECTIONS OF TEST MODELS 



are 



Body- 

construction line 


Wing 

reference plane 



symmetry- 


Model 

station, x 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 


R 1 

0 

• 3300 

.6100 
.8500 
1.0600 
1.2100 
1. 3200 
1. 3800 
1. 4005 


1. 3000 
1.1700 

1.0000 


r 2 

0 

.6640 

1.2260 

1.7070 

2.1290 

2.4300 

2.6520 

2.7700 

2.8116 


2.5800 
1. 7850 

1.0000 


R3 


.2090 

.3860 

.5370 

.6700 

.7650 

.8350 

.8720 

.8850 


4/ 

.9600 

.9920 

1.0000 


H 


.5560 

0260 

4290 

7820 

0340 

2200 

3190 

35^3 


* 

2.2990 

2.1840 

2.0000 
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(a) Angle of attack a as a function of lift coefficient Cl. 

Figure 3.- Measured aerodynamic characteristics in pitch. Circular-arc thickness distribution. 

























o Model 4, flat 65-025 
a Model 5, warped 65-025 



(a) Angle of attack a as a function of lift coefficient C|_. 

Figure 4.- Measured aerodynamic characteristics in pitch. 65-series thickness distribution. 


ro 


































"The aeronautical and space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof " 

— National Aeronautics and Space - Act of 1958 


NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 


TECHNICAL REPORTS: Scientific and technical information considered 
important, complete, and a lasting contribution to existing knowledge. 

TECHNICAL NOTES: Information less broad in scope but nevertheless 

of importance as a contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: Information receiving limited distri- 

bution because of preliminary data, security classification, or other reasons. 

CONTRACTOR REPORTS: Technical information generated in con- 

nection with a NASA contract or grant and released under NASA auspices. 

TECHNICAL TRANSLATIONS: Information published in a foreign 

language considered to merit NASA distribution in English. 

TECHNICAL REPRINTS: Information derived from NASA activities 

and initially published in the form of journal articles. 

SPECIAL PUBLICATIONS: Information derived from or of value to 

NASA activities but not necessarily reporting the results of individual 
NASA-programmed scientific efforts. Publications include conference 
proceedings, monographs, data compilations, handbooks, sourcebooks, 
and special bibliographies. 


Details on the availability of these publications may be obtained from: 


SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Washington, D.C. 20546 



